f Objectives: To estimate neuropathic sign/symptom rates with initiation of combination antiretroviral therapy (cART) in HIV-infected ART-naive patients, and to investigate risk factors for: peripheral neuropathy and symptomatic peripheral neuropathy (SPN), recovery from peripheral neuropathy/SPN after neurotoxic ART (nART) discontinuation, and the absence of peripheral neuropathy/SPN while on nART.
Introduction
Combination antiretroviral (cART) therapy has resulted in declines in the incidences of HIV-associated dementia and central nervous system (CNS) opportunistic infections. However, sensory neuropathies are still prevalent as the most frequent neurological disorder associated with HIV infection and its treatment with ART [1] [2] [3] . Ellis
There are two major types of HIV-associated distal sensory peripheral neuropathies: primary HIV-associated distal sensory polyneuropathy (HIV-DSP) and ART toxic neuropathy (ATN), together which affect approximately 30-67% of patients with advanced HIV disease [5, 6] . HIV-DSP is the most common sensory neuropathy in HIV infection with a reported 1-year incidence in an advanced patient cohort selected for neurologic disease risk of 36/21% in the pre-cART/cARTeras, respectively [7] . ATN is associated with neurotoxic ART (nART), for example, dideoxynucleoside analogs and shares most clinical features of HIV-DSP except that neuropathy develops while taking the nART. ATN is the most common toxicity of ART therapy in sub-Saharan Africa [5, 6, [8] [9] [10] .
The pathology of HIV-DSP involves a length-dependent degeneration of both small and large peripheral nerve fibers but the pathogenesis is unknown [6, 11, 12] . The pathogenesis of ATN is believed to reflect inhibition of gamma DNA polymerase by nARTs leading to reduced mitochondrial DNA content and therefore to mitochondrial dysfunction [13] . Reduced mitochondrial DNA levels in subcutaneous fat obtained by punch skin biopsies have been associated with ATN [14, 15] .
The signs/symptoms of HIV-DSP and ATN resemble common neuropathies encountered in clinical practice including diabetic and alcohol-associated neuropathy. Symptoms include numbness, paresthesia, burning sensation, and stabbing pain. Common signs include reduced or absent ankle reflexes relative to patellar reflexes, reduced or absent vibration sensation in the toes, and decreased pin and temperature sensation in a stocking/glove distribution. No FDA-approved therapies exist for HIV-associated sensory neuropathies with treatment limited to symptomatic measures with limited efficacy [1] .
Higher plasma HIV-1 RNA and lower CD4 þ cell counts before the initiation of ART increased the risk of HIV-DSP in the pre-cART era [16, 17] . Risk factors in the cARTera have been investigated [7, [18] [19] [20] [21] [22] [23] . Data suggest that risk factors include prolonged exposure to cART [24] , protease inhibitor exposure [25] and lipid-lowering drugs (statins and fibrates) [26] . Diabetes mellitus is a common cause of sensory neuropathy, and ART therapy, especially protease inhibitors, is associated with diabetes mellitus [27] . Ances et al. [28] reports that the risk for HIV-DSP is associated with diabetes and hypertriglyceridemia but not by other metabolic syndrome components. The interaction between metabolic syndrome and HIV is unclear. Height has been identified as a risk factor for peripheral neuropathy in diabetes [29] and recently in HIV infection when using nARTs [30] .
We evaluated potential risk factors for peripheral neuropathy and symptomatic peripheral neuropathy (SPN) using data from more than 2000 ART-naive patients initiating cART in six randomized AIDS Clinical Trials Group (ACTG) trials.
Methods
Participants were selected from the ACTG Longitudinal Linked Randomized Trials (ALLRT), a meta-study of participants prospectively enrolled into randomized clinical trials of cART (at least three ARTs) regimens. Study participants include those that agreed to be followed long term for the purpose of evaluating clinical, virologic, immunologic, and neurologic outcomes associated with treatment of HIV with cART. All available data for ART-naive participants for which neuropathy-related data had been collected were included. Demographics and ART use were also collected. Study participants had variable length of follow-up and variable timing (relative to initiation of cART) for their first evaluations. Participants from six randomized trials [ACTG trials 347 (n ¼ 19 [31] ), 384 (n ¼ 566 [32] ), 388 (n ¼ 214 [33] ), A5014 (n ¼ 38 [34] ), A5095 (n ¼ 771 [35] ), and A5142 (n ¼ 533 [36] )] were analyzed.
Neuropathy data
The Brief Peripheral Neuropathy Screen (BPNS) was administered in ALLRT every 48 weeks by trained nonneurologist site personnel. The BPNS assesses signs (vibration sensation at the feet and ankle reflexes) and symptoms (pain, 'pins and needles' sensation, and numbness). The performance characteristics of the BPNS have been reported [37, 38] .
Peripheral neuropathy was defined as at least mild loss of vibration sensation in both great toes or absent or hypoactive ankle reflexes bilaterally relative to knees. SPN was defined as peripheral neuropathy and any bilateral symptoms. Use of nART or protease inhibitors was defined as at least 4 weeks of use within the last 6 months of the evaluation.
Objectives
Objectives of this study include the following:
(1) estimating the prevalence of neuropathic signs and symptoms at cART initiation in ART-naive patients, (2) investigating risk factors for peripheral neuropathy and SPN, (3) investigating predictors for recovery from peripheral neuropathy and SPN (i.e. transitioning from peripheral neuropathy or SPN to no peripheral neuropathy or SPN) after nART discontinuation, and (4) investigating risk factors for peripheral neuropathy and SPN while on nART. Models to investigate predictors for recovery from peripheral neuropathy/SPN after nART discontinuation were simplified to obtain better fit. Specifically 'Hispanic' was collapsed into 'other' race, and baseline CD4 and CD4 nadir were converted to continuous variables scaled such that odds ratios are interpreted for a 50 cell increment.
Statistical methods
Estimates from GEE models have a population average interpretation (i.e. an OR of 2 for a binary covariate is interpreted as the odds of the outcome is two times higher for a population with the characteristic than without).
Results
Demographics and baseline characteristics Two thousand one hundred and forty-one ART-naïve participants (81% men, 44% white, 32% black, median age ¼ 39 years, median log 10 HIV-1 RNA ¼ 4.90 copies/ ml and median CD4 cell count ¼ 206 cell/ml at cART initiation) were analyzed ( Table 1) .
Prevalence
Prior to cART initiation, the prevalence and 95% CI of peripheral neuropathy and SPN were 22.6% (19.0%, 26.4%) and 4.3% (2.7%, 6.4%), respectively.
The treated cohort displayed viral control (i.e. HIV-1 RNA 400 copies/ml) in 82% (7258 of 8864) of patient visits. Signs of peripheral neuropathy persist despite viral control and improved immune function with initiation of combination ARTs (Fig. 1a -c, Table 2 ).
Peripheral neuropathy appears to increase over time after initiation of cARTs despite decline in nARTuse (Fig. 1d ). during all remaining follow-up. 9.8% (7.3%, 12. (Fig. 2c) .
Discussion
Peripheral neuropathy in HIV patients persists despite improved immunologic function and virologic control associated with cART and decreased nART use. Our data span studies in which nARTwas initiated to recent studies avoiding nART. nARTuse has become uncommon in the developed world yet remains in resource-limited settings due to low cost, making these observations relevant. Additionally, this study considers the impact of diabetes, statins, and protease inhibitors, all of which are central issues for HIV care.
Damage to peripheral nerves may be insidious but the persistence of dysfunction once nerves are damaged suggests that it is important to acknowledge this developing toxicity and to seek means of minimizing it. Evidence of peripheral nerve damage is easily detectable on an exam by trained non-neurologist staff as was done in this study. It is likely that the asymptomatic neuropathy patients will be more likely to become symptomatic when challenged with nART or other risks for peripheral neuropathy, if asymptomatic neuropathy is ignored. Our observations suggest that in treatment-naïve HIV patients receiving state of the ART therapy, peripheral neuropathy is found in more than 30%, 924 AIDS 2011, Vol 25 No 7 Table 2 . Prevalence of peripheral neuropathy and symptomatic peripheral neuropathy over time. whereas about a third of that number will also have symptoms. Sicker patients not enrolled in clinical trials, those with nutritional deficiency or more complications are likely at higher risk. However, diagnostic characteristics of our instrument [37, 38] indicate that prevalence may be substantially lower. Using sensitivity/specificity estimates of 73/68% [37] derived from reference comparison to a neurologist total neuropathy score (TNS) evaluation, an observed prevalence of 40% from our study, suggests a prevalence of 20% had the TNS evaluation been performed.
Our findings support other observations about the importance of age to neuropathy in HIV [40, 41] . Peripheral nerves are long, large, and metabolically stressed cells that are likely particularly vulnerable to toxicity and damage. Aging appears to increase this vulnerability making age one of the most notable and consistent risk factors for peripheral neuropathy. Given the rapidly aging HIV population due to successful therapy, the intersection of aging and increased risk of neuropathy portends ongoing challenges from this complication for HIV therapeutics.
Early studies emphasized CD4 and viral load as risk factors, but with successful therapy these associations have become less important. Specifically viral suppression did not decrease the odds of peripheral neuropathy or SPN. However, underlying HIV disease impacts the risk of neuropathy with evidence that successful HIV treatment as reflected by higher CD4 cell count is associated with a lower risk of neuropathy than found in those whose CD4 responses are poorer (Fig. 2a,b) . Current CD4 200 cells/ml or less, reflecting advanced disease is a risk for peripheral neuropathy/SPN. Nadir CD4, in this treatment-naive cohort represented by the baseline CD4, also is associated with greater risk of peripheral neuropathy (but not SPN) [41] . In contrast, current viral load data failed to be associated with neuropathy outcomes.
Validation of our observations is found with confirmation that nART increases the risk of neuropathy. This is an important reason that alternatives to nART should be made available to HIV patients worldwide. A more subtle and uncertain area of ART neurotoxicity surrounds the status of protease inhibitors. Clinical and in-vitro studies have supported the possibility of protease inhibitorassociated neuropathy. Experienced clinicians have generally not recognized this association. The CHAR-TER study found only weak evidence for any of the protease inhibitor drugs contributing to neuropathy [41] . Our analyses do not support the claim that protease inhibitor use is associated with increased risk of neuropathy overall. However, our data do not fully exonerate protease inhibitor risk, as there appears an association of increased neuropathy risk with protease inhibitor used in conjunction with nART. Given the observational nature of the study, it may be that patients on nART and protease inhibitors vs. patients on nART without protease inhibitors are inherently different, potentially biasing the estimate of the protease inhibitor association. However, the protease inhibitor association was estimated while controlling for disease characteristics, demographics, and concomitant therapy. This will be critically important as second-line therapies are introduced in developing world sites where it may be common to pair nARTwith protease inhibitor in salvage regimens. Our data suggest that such combinations would be more likely to induce neuropathy.
Our data reinforce the interaction of glucose intolerance/ diabetes with neuropathy risk. Many HIV neuropathy studies exclude diabetics so the degree of interaction of these problems has not been well described. Whereas the numbers of diabetic patients in our study is modest, our data suggest that diabetes is capable of substantially raising the risk of SPN. This is a very serious finding given the increasing impact of insulin resistance and diabetes in the setting of HIV infection.
Our study confirms the clinical impression that neuropathy in HIV is length-dependent, with a small, but consistently significant contribution in taller persons, which is consistent with a recent study [29] that associates patient height and risk of developing ATN in an international study. However, the impact of height is modest compared to aging and glucose intolerance. Hepatitis C is a frequent and serious coinfection of HIV patients, and the possibility that it influences neurological outcomes continues to be a concern. Our analyses support other observations about the lack of association of HCV coinfection with neuropathy [42] .
Statin drugs are very widely used in the developed world and particularly in HIV populations with elevated cholesterols and enhanced cardiovascular risk. Statins have been implicated as causing neuropathy in other populations [43] , although subsequent studies have not confirmed these findings. Our data suggest that this is an area in which more attention is needed in HIV therapeutics, since we found symptomatic neuropathy to be enhanced with concurrent statin use. However, statins did not seem to augment risk of neuropathy in patients on nART. Ongoing studies have shown an association between triglycerides and sensory neuropathy. Individuals taking statins are more likely to have elevated triglyceride levels, potentially mediating the association between statins and neuropathy in HIV [27] .
Whereas there is considerable information confirming the risk of neuropathy with use of nART, traditionally reversal of neuropathy with discontinuation of nARTwas used to confirm the causative association of the drug for neuropathy. Clinical experience that some patients developing such neuropathy have recovery has not been carefully studied in large populations. We evaluated factors predicting recovery from neuropathy. The results show a strong influence with advancing age reducing the risk of recovery. It is also notable that statin use appears to decrease the chance of recovery from symptomatic neuropathy, a factor that could be of considerable clinical importance. Diabetes reflected by insulin use also predicts less chance for reversal of symptomatic neuropathy, suggesting that combining the diabetic risk with nARTinduced mitochondrial deficits may be a particularly troublesome neurotoxic situation. HIV affects diverse populations worldwide. Racial disparity with regard to complications remains an intriguing and important area for thoughtful observations. African American (Black) patients in our cohort had increased risk of peripheral neuropathy which did not extend to SPN. The cause of this apparent risk is unknown, but higher risk of diabetes, hypertension, and potentially other genetic or pharmacokinetic risks could be considered.
Limitations of this study include its observational nature with the potential for informative drop-out/in, selfselection issues in ART and concomitant medication use, and that the observed association may not be causal.
There is a potential for selection bias as the analyses are restricted to clinical trial volunteers that were willing and able to return for follow-up visits. Results could be biased if these patients are very different than patients not included in analyses. Estimated association with variables subject to self-selection should be interpreted with caution. Nonsignificant P values should not be interpreted as 'no association'. Instead the CIs should be used to 'rule out' associations with reasonable confidence. Some effect estimates, although not significant, cannot rule out potentially large associations.
